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Abstract: Complement is a part of innate immunity that has a critical role in the protection against
microbial infections, bridges the innate with the adaptive immunity and initiates inflammation.
Activation of the complement, by specific recognition of molecular patterns presented by an
activator, for example, a pathogen cell, in the classical and lectin pathways or spontaneously in
the alternative pathway, leads to the opsonization of the activator and the production of
pro-inflammatory molecules such as the C3a anaphylatoxin. The biological function of this
anaphylatoxin is regulated by carboxypeptidase B, a plasma protease that cleaves off the
C-terminal arginine yielding C3a desArg, an inactive form. While functional assays demonstrate
strikingly different physiological effects between C3a and C3a desArg, no structural information is
available on the possible conformational differences between the two proteins. Here, we report a
novel and simple expression and purification protocol for recombinant human C3a and C3a desArg
anaphylatoxins, as well as their crystal structures at 2.3 and 2.6 lf\, respectively. Structural analysis

revealed no significant conformational differences between the two anaphylatoxins in contrast to
what has been reported for C5a and C5a desArg. We compare the structures of different
anaphylatoxins and discuss the relevance of their observed conformations to complement
activation and binding of the anaphylatoxins to their cognate receptors.
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Introduction

The human complement system is a key component
of innate immunity. It acts as a danger sensing sys-
tem which participates in the elimination of invad-
ing pathogens and cellular debris, initiates inflam-
mation, and bridges the innate and the adaptive
immunity,’ Complement is a proteolytic cascade
activated through the classical, alternative, and lec-
tin pathways, leading to the enzymatic cleavage of
several complement proteins. This cascade not only
yields enzymatically active molecules and produces
biological effectors, primarily the anaphylatoxins
C3a and Cbha, the opsonins C3b and C4b but also
C5b that can initiate the assembly of a lytic
membrane attack complex.* C3a and Cha target a
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number of cells including basophils, neutrophils, eo-
sinophils, and mast cells. These anaphylatoxins are
potent pro-inflammatory molecules that, by signal-
ling through their cognate GPCRs C3aR and C5aR,
trigger oxidative burst,>® chemotaxis, smooth mus-
cle contraction, cellular release of histamine, and
increased vascular permeability.”® C3a and Cbha
have been associated with inflammatory diseases
such as ischemia/reperfusion injury,’ rheumatoid
arthritis,’® and sepsis.!! Additionally, C3a regulates
TNF-o0 and IL-6 production in monocytes and B
cells.}?13 C3a shares 36% sequence identity with
Cb5a and both proteins are highly basic. The activity
of these anaphylatoxins is regulated by carboxypep-
tidases'®'® that cleave off the C-terminal arginine,
yielding C3a desArg and Cb5a desArg. Cha desArg
retains up to 10% of C5a activity, unlike C3a desArg,
which is apparently devoid of any pro-inflammatory
activity.'®1” Interestingly, the third 7TM receptor of
the complement system, C5L2, binds C5a and Cba
desArg but does not couple to heterotrimeric G-pro-
teins unlike the GPCRs C5aR and C3aR.® It has also
been suggested that C3a desArg binds to C5L2 and
thereby exerts its function as a regulator of triglyc-
eride synthesis rates'®—although contradicting data
exist.®!® Thus, in contrast to the canonical GPCR
agonists C3a and Cba, the desArg versions might
exert other, unrelated functions.

The X-ray structures of plasma-isolated human
C3 and C5 as well as bovine C3 have been solved
over the last decade, providing insights on how the
anaphylatoxin moiety of these complement proteins
is folded.??2 The three-dimensional structure of
recombinant human C5a?*?* has also been deter-
mined by NMR spectroscopy. These structural data
all indicate that C3a and Cb5a adopt an a-helical
arrangement and fold into a four-helix bundle motif.
In contrast, a recent crystal structure of Cba
desArg?® suggests that the N-terminal al-helix can
detach from the remaining three o-helices. There-
fore, C5a and Cba desArg may bind to C5aR and
C5L2 in a conformation different from the canonical
four-helix bundle.®

In the case of C3a, a medium resolution X-ray
crystal structure has also been reported already in
1980.27 However, this structure lacks 14 N-terminal
amino-acid residues corresponding roughly to the ol-
helix, and the atomic coordinates have never been de-
posited in the Protein Data Bank. Finally, no struc-
tural information is yet available on C3a desArg.

To clarify the conformation of the four helices in
C3a and C3a desArg, we have undertaken structural
studies of these two human anaphylatoxins. Purifi-
cation of C3a and C3a desArg from human plasma
usually yields preparations that contain a mixture of
both proteins, therefore creating a heterogeneity
unsuitable for crystallographic studies.?’” Further-
more, the protein is modified by an N-linked glycosy-
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lation at the C-terminal end of the o4-helix introduc-
ing further flexibility. The production of recombinant
C3a and C3a desArg has proven to be challenging
and present purification protocols require harsh con-
ditions such as denaturation/renaturation® or acidic
precipitation,*® leading to a final protein yield which
is rather low. Here, we report the X-ray structures
of recombinant, biologically active human C3a and
C3a desArg prepared by a fast and simple protocol.

Results

Recombinant C3a and C3a desArg are
biologically active

Recombinant human C3a and C3a desArg were
expressed in Escherichia coli (E. coli) cells and puri-
fied using a two-step Ni®"-NTA affinity chromatog-
raphy followed by an ion-exchange chromatography
step. C3a and C3a desArg eluted as a single, mono-
disperse peak on the cation-exchange chromatogra-
phy column, at respectively 380 and 330 mM NacCl,
reflecting the difference in their isoelectric proper-
ties [Fig. 1(A)]. The final yield of the purification
was about 0.5-0.7 mg/L of bacterial culture.

To verify whether our recombinant anaphylatox-
ins were biologically functional, we performed an
N-acetyl-B-p-glucosaminidase-release assay on stably
transfected cells expressing the anaphylatoxin recep-
tor C3aR, as described previously.!®?® The curves
were compared to those obtained with commercially
available C3a purified from human plasma [Fig.
1(B)]. The results show a dose-dependent activation
of C3aR-expressing cells. The recombinant and the
plasma-purified C3a activate the cells and trigger
glucosaminidase release in an almost identical fash-
ion. The measured EC5, values are respectively 1.5 +
0.31 nM for recombinant C3a and 1.92 * 0.35 nM for
plasma-purified C3a. No cell activation is observed in
the case of recombinant C3a desArg even with a 10-
fold higher maximum concentration of that used in
C3a assays. Three different cell lines were used as
controls (mocks, C5aR- and C5L2-expressing cells)
and no cell activation was observed (data not shown).
These data indicate that the activity and the specific-
ity of recombinant C3a and C3a desArg as measured
by glucosaminidase release are identical to those of
the proteins purified from human plasma.

C3a and C3a desArg structures

Considering that recombinant C3a but not C3a
desArg is able to trigger cell activation, we wanted
to investigate if this might be due to conformational
differences between the two molecules. For this pur-
pose, we determined the structures of recombinant
human C3a and C3a desArg at 2.3 and 2.6 A resolu-
tion, respectively. The two proteins crystallized in a
hexagonal space group with almost identical unit
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Figure 1. Biological activity of recombinant C3a and C3a desArg. (A) Elution profile of C3a (blue) and C3a desArg (light blue)
from the Source 15S column. (B) Comparison of plasma purified and recombinant human C3a and C3a desArg in an
N-acetyl-p-p-glucosaminidase-release assay performed on stably transfected RBL cells expressing C3aR.

cell parameters (Table I), with however one major
difference: the structure of C3a was determined in
P63 with two monomers in the asymmetric unit,
whereas C3a desArg crystals possess P6322 symme-
try with one monomer in the asymmetric unit. The
final models refined to Ryo/Reee values of 24.38/
24.27% for C3a (P63) and 22.28/27.02% for C3a
desArg (P6322).

Table I. Data Collection and Refinement Statistics

An inspection of the two C3a monomers present
in the asymmetric unit suggested that the flexibility
of, in particular, the C-terminal Arg748 (prepro-C3
numbering, subtract 671 to obtain residue numbers
starting at 1 and ending at 77 for the C3a fragment)
violates P6322 symmetry (Supporting Information
Fig. S1). This was confirmed by processing the data
in higher (P6522) and lower (P63) symmetry, refining

Protein C3a C3a desArg
PDB accession code 4HW5 4HWJ
Space group P63 P6322
Crystal data
Unit cell parameters (A) a=>b=263.89,c=105.19 a=>b=263.75¢c=106.43
Solvent content (%) 62 63
No. atoms
Protein 1261 614
Ligand/ion 10 5
Water 34 22
Data collection
Resolution range A) 19.7-2.3 19.9-2.6
Number of unique reflections 10856 (1295) 4320 (453)
Redundancy 7.6 (7.7) 21.6 (22.2)
Completeness (%) 99.8 (100) 99.6 (100)
Ry 6.6 (76.1) 9.9 (52.1)
Rieas (%) 7.1(82.1) 10.1 (53.3)
Mean I/c(I) 20.6 (3.5) 29.3 (8.3)
Overall Wilson B-factor (1&2)C 51.3 41.1
Refinement
Resolution range 19.7-2.3 19.9-2.6
Reflections 11591 4338
R factor 0.2438 0.2228
Free R factor 0.2427 0.2702
Deviations from ideal values
RMSD bond length (A) 0.007 0.002
RMSD bond angles (°) 1.034 0.629
Average B factor (Az) 66.0 49.3
Ramachandran favored (%)% 94.0 98.6
Ramachandran outliers (%)% 1.33 0

a _ En |i}ﬁ1hi| . 7 _th .
Rsym = —Zh Z:lh Tn: with I, = P ;I}”
Z \/nnhlzlnh |j)ﬁ1h.1| . . n
Rineas = —Y with I, =15 1,,.
L

Zh Z;h Tni
¢ As reported by XDS.
4 As reported by MolProbity.
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Crystal structures of human C3a and C3a desArg
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Figure 2. General overview of the anaphylatoxins structures. (A) Overall structure of human C3a at 2.3 A resolution. The
N- and C-terminal residues are indicated. The four alpha helices are numbered. The three disulfide bridges stabilizing the
four-helix bundle are shown in yellow sticks. (B) Structure of the two C3a molecules present in the asymmetric unit and
related by noncrystallographic twofold symmetry. (C and D) 2mF,-DF, electron density maps, contoured at 15 for C3a
(panel C) and C3a desArg (panel D), respectively. The C3a and C3a desArg molecules are oriented as in panel A.

and monitoring the R factors. In fact, the data proc-
essed in P63522 had higher Ry, values and the C3a
model was refined to a higher Ry, value compared
to P63. The fact that C3a desArg, lacking the Arg
748, refines well in P6522 further corroborates the
pseudosymmetry in the case of C3a.

The overall structural arrangement of C3a is
shown in Figure 2A. Both anaphylatoxins adopt the
characteristic four-helix bundle fold with residues
675-684 (4-13 in C3a numbering) forming the ol-
helix, residues 691-697 (20-26) form the o2-helix,
residues 707-711 (36-40) comprises the o3-helix,
and residues 718-743 (47-72) form the od-helix.
Although only helices o2, a3, and a4 were observed
in the original crystal structure of C3a,%” a four heli-
cal bundle structure of C3a was earlier suggested
based on NMR data®® and comparison with C5a.3!
The packing of the four antiparallel helices is pri-
marily stabilized by three disulfide bridges: Cys693-
Cys720 (a2-04), Cys694-Cys727 (02-04), and Cys707-
Cys728 (a3-04). There are no indications of an alter-
native disulfide bridge pattern observed upon reduc-
tion and denaturation of C3a,2 and in fact the cys-
teine sulfur positions are so well-defined that they
have been very recently used for Radiation-damage-
induced-phasing.®®> Clear and well-defined electron
density was visible for most of the C3a and C3a
desArg molecules [Figs. 2(C,D)], except for Arg748
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in the C3a structure, as mentioned above. The loop
region between helices a3 and o4, encompassing res-
idues 713-719, was also more poorly defined in the
electron density maps suggesting flexibility of this
region. The final models contain residues 672-748
for C3a and residues 673-747 for C3a desArg.

The two monomers present in the asymmetric
unit of the C3a crystal are arranged in an antiparal-
lel, practically perpendicular fashion around the
noncrystallographic twofold axis [Fig. 2(B)l. The
reported structure of C5a desArg likewise showed a
dimeric organization of the asymmetric unit and
the observed dimer has been proposed to be of func-
tional relevance for the binding of C5a/C5a desArg
to the C5aR/C5L2 receptors. However, the existence
of this dimer in a physiological setting remains
unproven. Analysis with PISA?** of the dimer con-
tained in the asymmetric unit of our C3a crystal
suggests that this dimer is unlikely to be of biologi-
cal relevance.

Superimposition of C3a and C3a desArg [Fig.
3(A)] reveals a high similarity between the two
structures with an RMSD of 0.40 A on Co atoms.
Apart from the C-terminal arginine, the most pro-
nounced difference between the two structures can
be observed for the mobile loop region between heli-
ces o3 and o4 (residues 713-719). C3a and C3a
desArg are highly cationic molecules possessing
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Figure 3. Comparison of the free and C3-bound anaphylatoxins structures (A) Superimposition of the C3a (violet) and C3a
desArg (blue) structures determined in this study. The regions displaying the most significant structural differences are labeled
with residue numbers. (B) Superimposition of the recombinant C3a (violet, this study) and the C3a moiety from the human C3
(orange, PDB ID 2A73 29). The regions displaying the most significant structural differences are indicated by black lines and

labeled with residue numbers.

seven lysine and 12 or 11 arginine residues respec-
tively. In the unbound anaphylatoxins these residues
form a large, positively charged solvent-accessible
surface area most likely important for interaction
with negatively charged elements located on the
extracellular face of C3aR such as the sulfotyrosine
region.?® However, this positively charged patch is
partially shielded in the intact C3 (Supporting Infor-
mation Fig. S2) thereby effectively preventing inter-
action of the highly abundant C3 with, for example,
C3aR.

Comparison of recombinant C3a/C3a desArg

with the C3a moiety of human and bovine C3

The X-ray crystal structures of both bovine and
human C3 have been determined.?®?! Structural
superimposition indicates a very similar conforma-
tion of C3a and C3a desArg in comparison to their
equivalent parts in the complete bovine and human
C3 molecules. The average RMSD of recombinant
C3a and C3a desArg superimposed to human C3 res-
idues 651-719 are 1.19 and 1.21 A, respectively,
with the major discrepancies occurring in the loop
regions. One major difference is at the C-terminus,
but this is to be expected as this region is part of a
mobile loop region in C3, whereas it terminates with
a free C-terminal carboxyl group in the anaphylatox-
ins. Comparison of our structures of human C3a and
C3a desArg to the C3a moiety of bovine C3 [Fig.
3(B)] resulted in similar observations with noticeable
differences in the loop regions as well as the N- and
C-terminal regions. The average RMSD on Co atoms
is 1.24 A for C3a and 1.23 A for C3a desArg as com-
pared to the C3a moiety of bovine C3. In conclusion,
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the release of C3a from C3 upon convertase cleavage
does not impose large conformational rearrange-
ments in C3a.

Comparison to other anaphylatoxins
Human anaphylatoxins C3a, C4a and Cb5a share
approximately 18% of sequence identity and they all
possess the three disulfide bridges that interlock the
02, a3, and o4 helices. We have recently determined
the structures of unbound C4 and of C4 in complex
with a fragment of the MASP-2 proteinase cleaving
C4 in the lectin pathway of complement activation.®®
In the unbound C4 structure, the density for helix
al is poorly defined, suggesting a high mobility of
this helix. By contrast, a1 becomes ordered and inte-
grated in the four-helix bundle in the C4-MASP-2
complex [Fig. 4(A)]. As mentioned above, the crystal
structure of C5a desArg?® displays a protein folding
into a three-helix bundle and contains two nonident-
ical monomers in the asymmetric unit. One forms a
regular three-helix bundle, where the ol and o2 hel-
ices have merged to form a single long helix. In the
other monomer, the ol-helix is protruding at an
angle of almost 120° from the o2-helix. Structural
superimposition of C5a with the two unequal mono-
mers of Cha desArg [Fig. 4(B)] highlights these con-
formational differences. In all structures of intact
C5,223738 the C5a moiety adopts a classical four-he-
lix bundle, but the three-helix bundle conformation
may be present in pro-C5 for topological reasons.??
Analysis of the interaction forces of the N-termi-
nal ol-helix in C3a reveals that packing of ol
against the remaining three helices is mediated by
five hydrogen bonds, a salt bridge formed with o4,

Crystal structures of human C3a and C3a desArg
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Figure 4. Comparison of C3a and C3a desArg with other anaphylatoxins. (A) Superimposition of the four-helix bundle fold of
the recombinant human C3a (violet, this study), of the C4a moiety from the human C4 (yellow, PDB ID 4FXG®?) and of the
C5a moiety from the human C5 (green, PDB ID 3CU72%). (B) Superimposition of the four-helix-bundle from the C5a moiety of
the human C5 (green, PDB ID 3CU72) and from the two monomers of the human C5a desArg (blue, PDB ID 3HQA and cyan,
PDB ID 3HQB?®), present in the asymmetric unit of the crystal structure, showing the a1-helix swing-out motion of C5a

desArg.

and a salt bridge formed with 2 [Fig. 5(A)]. In con-
trast, most of the residues found at the interface
between ol and o4 in the C5a structure®? are nonpo-
lar and no hydrogen bonds are observed [Fig. 5(B)].
This suggests that the packing into a four-helix
bundle motif might be less stable in the case of
C5a, which might explain the tendency for ol to be
more mobile. Conversely, the flexibility of helix ol
observed in the C4 structure suggests that this prop-
erty is not unique to Cha.

Discussion

Here, we have reported a new and simple protocol
for the purification of recombinant C3a and C3a
desArg anaphylatoxins expressed in bacteria. Con-
trary to previously reported protocols, our procedure
is straightforward, fast, and yields reasonable quan-
tities of pure crystallizable protein. Our recombinant
C3a is able to induce glucosaminidase release from
C3aR expressing cells, showing that the recombinant
anaphylatoxin has the classical biological activity
associated with it, whereas C3a desArg is unable to

trigger release as expected despite their almost iden-
tical structures. These data indicate that the activity
and the specificity (mediated by the C3aR) of our
recombinant C3a and C3a desArg as measured by
glucosaminidase release are identical to those of the
proteins purified from human plasma. Whether our
recombinant anaphylatoxins are active in other
functions ascribed to them such as antimicrobial ac-
tivity,®® binding to C5L2 and regulation of triglycer-
ide synthesis'® remains to be proven. We have fur-
ther crystallized and solved the structures of both
proteins at 2.3 and 2.6 A resolution, respectively.
Our structures demonstrate that the overall confor-
mation of C3a and C3a desArg is almost identical
and that both proteins adopt a canonical four-helix
bundle fold. The secondary structure we observe is
somewhat at variance with an NMR study of C3a-
desArg where the o4-helix was found to extend to
GIn738, the last six residues were in dynamic ran-
dom coil conformation, and the al-helix to begin at
Arg679°° suggesting that crystal packing may stabi-
lize the ends of helices a1 and o4.

“ LEU 675

Figure 5. Comparison of the interactions stabilizing a1-helix packing within the four-helix bundle for the recombinant human
C3a (A) and the human C5a as part of C5 (PDB ID 3CU722) (B). The residues involved in hydrogen bond and salt bridge
(dotted lines) formation are highlighted in cyan in the C3a structure, and hydrophobic residues at the a1-04 helix interface are

shown in red in the C5a structure.

Bajic et al.

PROTEIN SCIENCE ‘ VOL 22:204-212 208


http://firstglance.jmol.org/fg.htm?mol=4FXG
http://firstglance.jmol.org/fg.htm?mol=3CU7
http://firstglance.jmol.org/fg.htm?mol=3CU7
http://firstglance.jmol.org/fg.htm?mol=3HQA
http://firstglance.jmol.org/fg.htm?mol=3HQB
http://firstglance.jmol.org/fg.htm?mol=3CU7

In contrast to the stable four-helix bundle
observed in C3a and C3a desArg a high degree of
flexibility is observed for the N-terminal helix of C5a
desArg.?®> However, this behavior has not been
observed in NMR studies of C5a?%24%° suggesting
that crystallization may have promoted the release
of the al-helix in the Cb5a desArg. Conversely, the
flexibility observed for the al-helix of the C4a moi-
ety within C4 shows that this movement might be
possible for other anaphylatoxins. It is also possible
that the extended conformation of the al-helix exists
in the proform of all three complement proteins C3,
C4, and C5, as earlier suggested,?” and that the
four-helix bundle is formed in C3 and C5 once the
proteins maturate by proteolytic processing, whereas
both conformations seem to exist in C4.

Another possibility is that the swing-out
movement of helix ol observed in C5a desArg only
occurs in the presence of an interaction partner such
as the C5aR/C5L2 receptors and the carboxypepti-
dases. In the case of C3a and C3a desArg, we do not
observe any significant structural differences even
though the physiological effects of the two molecules
are strikingly different. The sole influence of the
C-terminal arginine residue could therefore account
for the difference in their biological properties.
However, one cannot exclude that conformational
differences between the two molecules may occur
upon binding to their cognate receptor C3aR.'® To
answer these important questions, detailed struc-
tural information concerning complexes between
anaphylatoxins and their receptors must be
obtained.

Materials and Methods

Genes and plasmids

The codon-optimized C3a gene, flanked by BamHI
and HindIII restriction sites and containing a 5
insertion corresponding to TEV protease cleavage
site, was purchased from GenScript. An additional
four amino-acid linker (GAAG) was introduced
between the TEV cleavage site and the beginning of
C3a sequence using the QuikChange site-directed
mutagenesis kit (Stratagene). The C3a desArg con-
struct was generated from the C3a construct. The
genes were subsequently cloned into pET32a vector
(Novagen). The recombinant vector was used for
transformation of Shuffle T7 electrocompetent
E. coli cells (New England Biolabs).

Overexpression and purification

E. coli cells harbouring the plasmid were grown at
37°C in 2xTY medium supplemented with 100 pg/
mL of ampicillin to an ODggg = 0.6. Protein expres-
sion was induced with 1 mM IPTG and the cultures
were grown over night at 18°C and cells were har-
vested by centrifugation (7000g for 20 min at 4°C).
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Cell pellets were resuspended in 50 mM HEPES pH
8, 300 mM NaCl, 30 mM imidazole, 1 mM PMSF
(binding buffer). Cells were disrupted by sonication,
and cellular debris removed by centrifugation
(20,000g for 30 min at 4°C). The resulting superna-
tant was loaded on a HisTrap FF crude column (GE
Healthcare) and the column was washed with three
volumes of binding buffer and five volumes of bind-
ing buffer supplemented with 1M NaCl. The
recombinant protein was eluted in 20 mL of 50 mM
HEPES pH 8, 300 mM NaCl, 500 mM imidazole.
House-made recombinant TEV protease was added
in a ratio of 1:50 (w/w), and digestion was conducted
in a dialysis bag (3500 Da cut-off) over night at 4°C
against 2 L of 50 mM HEPES pH 8, 300 mM NacCl,
0.5 mM EDTA. The resulting cleavage product was
loaded on the HisTrap column and the untagged
C3a or C3a desArg was eluted in the flow-through.
Finally, the protein was purified by ion-exchange
chromatography (Source 15S 9 mL, GE Healthcare)
in 50 mM HEPES pH 8 and eluted using a linear
NaCl gradient from 150 to 500 mM. Fractions con-
taining the recombinant protein were pooled, con-
centrated and stored at —80°C. Prior to the use in a
cell-based functional assay, the samples were puri-
fied on a Detoxi-Gel™ prepacked column (Thermo
Scientific) for endotoxin removal.

N-acetyl-p-p-glucosaminidase-release

assay (GARA)

The release of the lysosomal enzyme N-acetyl-p-p-
glucosaminidase was assayed as described.!%2?
Briefly, stably transfected RBL cells (a rat basophil
cell line) were harvested, resuspended in HAG-CM-
complete buffer (20 mM HEPES pH 7.4, 125 mM
NaCl, 5 mM KCl, 1 mM CaCl,, 1 mM MgCl,, 0.5
mM glucose, 0.25% BSA) at a concentration of 2 x
10% cells/ml and incubated at 37°C for 20 min. In
parallel, anaphylatoxin dilutions, supplemented with
1 mM of cytochalasin B, were incubated at 37°C.
The cells were added to the anaphylatoxin dilutions
and incubated for 3 min at 37°C. The samples were
subsequently transferred to ice and centrifuged
at 400g for 3 min at 4°C. NAG activity was assessed
by incubating the supernatant in the presence of
4.57 mM p-Nitrophenyl-N-acetyl-beta-p-glucosamide
(Sigma) for 60 min at 37°C. Enzymatic reactions
were quenched by addition of 0.4M glycine-NaOH
(pH 10.4) and spectral absorbance was measured at
405 nm. The maximum NAG release (i.e., 100% lysis
in the graph) was determined with 1% Triton X-100.
EC5¢ values are means = standard deviation of mul-
tiple independent experiments.

Crystallization and data collection

Crystallization experiments were performed by
vapour diffusion at 19°C. The protein sample (1 pL
at 16 mg/mL in 25 mM HEPES pH 8, 150 mM
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NaCl) was mixed with an equal volume of reservoir
solution. C3a crystallized in 2-2.2M ammonium sul-
fate, with a pH ranging from 6 to 9 and C3a desArg
crystallized in 0.2M ammonium sulfate, 0.1M Tris
pH 7.5-8.5, 25% (w/v) PEG 3350. For data collection,
the crystals were cryo-protected in the reservoir
buffer supplemented with 25% sucrose before flash
cooling into liquid nitrogen. Data were collected at
beamline 1911-3 at MAX-lab in Lund, Sweden. An
initial dataset collected for C3a on beamline 1D23-2
at ESRF was used to implement a RIP-phasing
method based on the cleavage of disulfide bridges
induced by radiation damage during data
collection.®

Structure determination

All datasets were processed with XDS.*! Both struc-
tures were solved by molecular replacement in
PHASER,*? using the C3a moiety of human C3
(PDB ID 2A73%%) as search model. Models were
rebuild in COOT*® and refined with PHENIX.RE-
FINE** using individual ADP as well as TLS refine-
ment. After the first rounds of refinement, it became
evident that the refinement of the C3a structure in
space group P6322 was stuck at high R-factor values
as compared to the C3a desArg structure. The C3a
dataset was therefore reprocessed in the lower sym-
metry space groups P63 and P321. Refinement for
C3a was finally carried out in P65. The quality of
the final models was assessed with MOLPROBITY*®
and figures were made with PyMOL (Schrodinger
LLC).
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